abstract the strength of leg bones is not only genetically determined but it also depends on the gender, age, health condition and nutrition of slaughter birds. Calcium ions deficit in bones results in the deterioration of skeleton structure and reduction of bone strength. the presented work compiles the results of studies concerning the effect of feed additives on the level of calcium in the bones of broiler chickens, published during the past 10 years. From the analysis of available literature it follows that some additives had a positive effect on the accumulation of calcium (e.g. vitamin d, probiotics, prebiotics and synbiotics), some were not very explicit (e.g. ascorbic acid and phytase), while others did not have a significant effect on the accumulation of calcium in bones (e.g. herbs and chelates). it is concluded from our collected information that the use of probiotics, prebiotics and synbiotics offers the best advantages for poultry. these additives, apart from stimulating the accumulation of calcium in bones, also benefit animal health.
The about 50-year long intensive genetic selection aiming to increase weight gain in broiler chickens made it possible to achieve more than 300% higher effects (Knowles et al., 2008) . However, such a rapid growth rate prevents the skeletal system from reaching full maturity, which means that the legs are not completely capable of supporting heavy bodies of broilers, which in turn results in various types of pathological conditions of legs, including deformities, infections and osteoporosis (Rath et al., 2000; Fleming, 2008) . The strength of leg bones is not only genetically determined but it also depends on the gender, age, health condition and nutrition. Therefore, studies are carried out to increase the strength of the broilers' leg bones. The deficit of calcium ions in bones deteriorates their structure, which is often a stage of osteoporosis, and reduces their strength (Dolińska et al., 2009 ). The optimum ratio of available calcium and phosphorus in feeding broiler chickens is 2:1, which is conditioned by strong interactions between these elements (Coto et al., 2008 ). An excessive supply of one of these elements causes a deterioration in the assimilability of both. In complete feed mixtures for broilers the Ca : P ratio is primarily achieved by adding phosphates, calcium carbonate and exogenous phytase. Also, the effectiveness of other substances, e.g. vitamin D, magnesium, inulin, non-digestible saccharides, and short-chain fatty acids was measured. The presented work compiles the results of studies regarding the effect of feed additives on the mineralisation of bones in broiler chickens, published over the past 10 years. The content of calcium was considered the basic ratio of mineralisation.
absorption of calcium
The absorption of calcium is affected by many factors such as age, health condition and nutrition. Most calcium is supplied with feed as salts or complexes involving other nutrients. To enable the absorption of calcium by the intestinal epithelial cells the links must be degraded and the released Ca must be transformed into ions, which takes place in the proventriculus of the birds. Complete absorption of calcium is determined by two processes: active transport (involving calcium-binding protein CaBP) and passive diffusion through the intestinal wall (Booth and Camacho, 2013) . The paracellular transport of Ca is carried out through close intracellular connections according to the electrochemical concentration gradient. Calcium penetrates into the epithelial cell through the calcium-selective channel, TRPV5 or TRPV6, in the brush-border membrane. Within the cell calcium is transported by calbindin which is also a buffer protecting the cell against the adverse effect of Ca. Calcium is removed from the cell via the calcium pump PMCA1b and Na+/Ca2+ (NCX1) exchanger, both located in the basolateral membrane (Hoenderop et al., 2005) . The efficiency of calcium absorption, the absorbed percentage of calcium supplied with diet, is determined by several factors, including the presence of other nutrients, level of calcium and presence of an active form of vitamin D, as well as the form in which calcium was supplied (Dolińska et al., 2009 ). Brown, 2007; Holick, 1996) Calcium management in the body is controlled by calcitriol hormone, 1,25-dihydroxycholecalciferol, an active metabolite of vitamin D, parathormone and calcitonin (Figure 1 ). Calcitonin prevents resorption of calcium from the alimentary tract and bones and increases its excretion with urine. Calcitriol and vitamin D 3 increase the absorption of calcium from the alimentary tract, prevent its excretion with urine and cause bones to release calcium (Martin-Malo et al., 1996) .
vitamin d 3 and related metabolites
The fundamental function of vitamin D in the human body is the control of calcium and phosphate management as well as bone modelling and mineralisation. Thanks to the discovery of active vitamin D receptors (VDR) in the intestinal epithelial cells, renal tubules and in the osseous tissue cells, the cells were identified as target cells for vitamin D (Tukaj, 2008) . Blood-borne vitamin D can be either endogenous (cholecalciferol) or exogenous (ergocalciferol). In the liver cholecalciferol is hydroxylated to 25(OH)D 3 (calcidiol) with the participation of 25-hydroxylase, and then in the kidneys to 1,25(OH) 2 D 3 (calcitriol) with the participation of 1α-hydroxylase (Tukaj, 2008; Garcia et al., 2013) . Calcitriol, biologically active dihydroxylated vitamin D, and its analogues, interact with the target cells through vitamin D receptor (Eisman and Bouillon, 2014) . The most important function of calcitriol is bone mineralisation control. Calcitriol is also a PTH (parathormone) secretion regulator interacting through feedback (Tukaj, 2008) .
The supplementation of vitamin D to feed mixtures for poultry increases intestinal absorption of calcium and phosphorus and stimulates the production of calciumbinding proteins in the mucous membrane. Few results of studies verifying whether respective metabolites of vitamin D 3 have a different effect on the mineralisation of the bones of poultry are available. The results achieved are inconsistent. Michalczuk et al. (2010) carried out studies involving Cobb 500 chicks and proved that the content of Ca and P in femoral bones and the mineral thickness of these bones was higher in broilers receiving the mixture in which cholecalciferol was partly replaced with calcidiol, whereas the higher the share of calcidiol, the better the results (Table 1). Similar results were obtained by Gomez-Verduzco et al. (2013) . These authors found that simultaneous supplementation of the feed mixture administered to Ross 308 broiler chickens with cholecalciferol and calcidiol increased the degree of calcification of the tibia (Table 1) . In turn, studies carried out by Garcia et al. (2013) , involving Cobb chicks, showed that metabolites of vitamin D (cholecalciferol, 25-hydroxycholecalciferol, 1,25-dihydroxycholecalciferol, 1α-hydroxycholecalciferol) equally stimulated the absorption of Ca in tibia and femoral bones. These findings confirm the results of studies involving Hy-Line W36 laying hens where no significant effect of the form of vitamin D 3 (cholecalciferol, 25-hydroxycholecalciferol, 1,25-dihydroxycholecalciferol) on the content of Ca in blood was recorded (Nascimento et al., 2014) . Babcock B300 laying hens; three levels of vitamin C (0, 125 or 250 ppm) in the diet (experiment 1), two levels of vitamin C (0 or 250 ppm) in the diet (experiment 2), four levels of vitamin C (0, 250, 500 or 1000 ppm) in the diet (experiment 3) over a 12-wk period Tibia ns ash Keshavarz, 1996 Yeast extract Male turkey; basal diet plus yeast extract (1,008 g/ton); at 16th week of age the turkeys were ns -no significant effect compared to control; ↑ -increased compared to control; ↓ -decreased compared to control.
ascorbic acid
Ascorbic acid, also known as vitamin C, is a 2,3-dehydro-L-gulonic acid γ-lactone formed in plants from D-glucose or from D-galactose. In the bodies of animals which synthesize ascorbic acid independently for their own needs this vitamin is formed from D-glucose (Hacişevkđ, 2009) . Ascorbic acid has an influence on processes related to proliferation and differentiation of osteoblastic cells and to accelerating their growth and extending their lifespan. The results of vitamin C deficiency include distortion of collagen helix, reduced number and distorted structure of collagen fibres, which in turn leads to many pathological lesions of bone tissue (Hacişevkđ, 2009 ). This is due to the fact that vitamin C is a co-factor in reactions where proline is hydroxylated to 4-hydroxyproline forming a significant element of the collagen structure. As a result of disturbances in hydroxylation the formed collagen has improper structure and it does not have proper biological and mechanical properties. Völker and Weiser (1993) found that vitamin C participates in the process of hydroxylation of 25-hydroxycholecalciferol and 1,25-dihydroxycholecalciferol as well as in the hydroxylation of proline and lysine which take part in the biosynthesis of collagen. probiotics, prebiotics and synbiotics Probiotics are preparations containing strictly defined live germs which, used as feed additives, have a positive effect on the microflora of the specific location in the body while prebiotics are non-digestible components which selectively stimulate the growth or activity of selected strains (derivatives of galactose, fructose or inulin). The combination of a probiotic with a prebiotic is a functional whole and is referred to as a synbiotic. Probiotics, prebiotics and synbiotics have influence on the animal body through supporting metabolic processes and improving digestion and absorption of nutrients (Younis et al., 2013; Saminathan et al., 2011) . They stimulate the assimilation of essential minerals and electrolytes such as calcium, sodium, magnesium and potassium (Scholz-Ahrens et al., 2007) , thanks to which they increase the degree of mineralisation and development of bones. Probiotics support calcium absorption primarily by the effect of microorganisms: they produce metabolites and enzymes and take part in the synthesis of vitamins, some of which participate in the metabolism of Ca (Scholz-Ahrens et al., 2007) . The positive effect of prebiotics on the absorption of calcium is primarily due to the increase in the solubility of calcium in consequence of reducing the intestinal pH as a result of fermentation of fructooligosaccharides in the colon (Suzuki and Hara, 2004), production of short-chain fatty acids in this section of the intestine which reduce the pH and activate the mechanism of exchange of hydrogen ions into calcium ions (de Sousa et al., 2011; Martin et al., 2010) and the effect of these carbohydrates on increasing the concentration of calbindin D9k (Regassa and Kim, 2014), calbindin being the protein responsible for transporting calcium within cells (Hoenderop et al., 2005) .
Available literature contains many examples of a positive effect of probiotics, prebiotics and synbiotics on the mineralisation of poultry bones (Table 1) . Feeding broilers with various types of preparations containing probiotic bacteria contributes to increasing the content of calcium in bones, whereas positive results were obtained both during continuous exposure (Reginatto et al., 2011; Ziaie et al., 2011) and when the preparations were used every few days (Gutierrez-Fuentes et al., 2013) . The increased content of Ca in bones was observed when probiotics were administered both with feed and with water (Table 1 ). In White Lohmann laying hens receiving feed with probiotic strains of Bacillus subtilis and/or inulin amounting to 1 g/kg feed not only the content of ash, Ca, and density of the tibia increased but also the quality of egg shells improved, including size, thickness, density and content of calcium. Vahdatpour et al. (2014) demonstrated the results of Japanese quails, in which the content of Ca and P in the tibia following the use of a commercial synbiotic was dependent on the sex of the bird -statistically significant results were observed in males only. phytase Phytic acid (IP6) which contains 6 phosphate groups and its derivatives which contain from 3 to 5 phosphate groups (IP3, IP4 and IP5) occur in grains and seeds of leguminous crops. This compound forms insoluble complexes with divalent ions of metals (Ca, Mg, Zn, Fe) and with phosphorus, reducing their bioavailability and thus increasing the requirement of such components. The availability of compounds chelated by phytic acid is increased by adding microbiological phytase to the feed since the body of birds produces only small amounts of this enzyme (Coto et al., 2008; Junqueira et al., 2011) . The mechanism by which phytase affects availability is the hydrolysis of phytic compounds to inorganic compounds (phosphates and inositol) followed by the release of minerals and reduction in the molar ratio between such minerals and phytic acid.
The use of phytase in mixtures fed to broiler chickens increases the apparent digestibility of calcium by ca. 4-6% (Saima et al., 2009). Moreover, Wang et al. (2013) demonstrated a statistically significant increase in the concentration of Ca in the plasma of Ross 308 broiler chickens receiving feed in which phytase corresponded to 0.02% and 0.03% (5000 u/g) of the mixture compared to those not receiving the enzyme. According to Ptak et al. (2013) in Ross 308 broiler chickens, which over 42 days of the experiment received mixtures deficient in calcium (by 1.8 g/kg) but were supplemented with phytase, the level of Ca in the tibia was identical as in birds receiving an adequate amount of calcium with feed. Supplementing phytase mixtures with a reduced content of calcium improved the mineralisation of the tibia in Ross broiler chickens (Powell et al., 2011 ). Lan et al. (2002 carried out an interesting experiment by using cultures of phytase-producing bacteria Mitsuokella jalaludinii naturally occurring in the alimentary tract of ruminants. Results showed an increase in the content of ash and calcium in the tibia of birds receiving bacteria compared to the control group. The increase was particularly noticeable when the level of bacteria was medium and high (equivalent of 500, 750 and 1 000 U phytase/kg feed). In turn, according to Pintar et al. (2005) and Shelton and Southern (2006) , phytase has no significant effect on the content of Ca in the tibia. Moreover, Kwiecień et al. (2007) found that the content of calcium in the tibia of turkeys receiving phytase with feed was reduced (Table 1) .
mineral chelates
The proper balance of minerals is significant for bone mineralisation processes, since incorrect proportions between them disturb the bone-forming processes. Magnesium, boron, manganese, copper and zinc are the necessary co-factors, for example, for enzymes taking part in the synthesis of collagen which forms an essential part of the bone matrix. Collagen determines the most important processes occurring within bone tissue, e.g. its formation, mineralisation and development of adequate mechanical properties (Scholz-Ahrens et al., 2007) . It was proved that copper deficiency in the diet of birds causes a deterioration in the mineralisation of bones (Kwiecień et al., 2014) , and its excessive supply disturbs the absorption of magnesium and other minerals important for forming the bone matrix (Brink et al., 1992) . Magnesium is believed to be one of the most important factors affecting the absorption of calcium, for instance due to the fact that it stimulates metabolism and the activity of vitamin D (Laird et al., 2010) , involved in maintaining calcium homeostasis and forming hydroxyapatite (Kannan and Ferreira, 2006) . Figure 2 . Interactions between calcium and other minerals (according to Watts, 1990; Kotarbińska, 1995) The assimilability of minerals by animals is generally conditioned by their chemical form. Minerals administered as mineral and organic chelates (metal ion + aminoacid ligand), in the form of multi-functional complexes, are better assimilated by poultry than these components administered as mineral salts, therefore organic minerals can be fed to birds at smaller amounts (Nollet et al., 2007) . Upon this assumption, studies investigating the effect of mineral chelates on the degree of calcification of poultry bones were carried out. However, the effects of available experiments did not reveal a significant effect of Fe and Zn on the content of calcium in the tibia and femurs of broilers (Table 1) , despite the proven relationship between these minerals and calcium (Figure 2 ).
herbs
The effect of active ingredients of herbs on the calcification of poultry bones is poorly documented. However, it is known that bioactive polyphenolic compounds, and in particular isoflavones and lignans, naturally occurring in herbs have a positive effect on the structure of bones, mostly since they are active antioxidants. A negative effect of oxidative stress on the degree of bone mineralisation was demonstrated (Basu et al., 2001; Sharma et al., 2015) . Flavonoids, phytosterols and glycosides occurring, among other plants, in the cones of hop, in garlic and in ginseng have a positive effect on bone metabolism and mineralisation (Xu et al., 2005) . Monoterpenes present, among other things, in mint, salvia, rosemary, thyme and hop inhibit bone demineralisation through their immediate effect on the osteoclasts (Mühlbauer et al., 2003; Dolder et al., 2006) .
The few available results of studies involving broiler chickens concerning the effect of herbs on the content of calcium in bones are ambiguous. No significant effect of dried pansy, nettle, hop, lime, lemon balm and mint on the content of calcium in tibias was demonstrated (Table 1 ). In turn, other studies showed a significant increase in the content of Ca in the femurs of Ross broiler cocks receiving feed with 2% dried hop, lime, lemon balm, pansy, mint and nettle while the experimental factor had no effect on the level of Ca in the femurs of broiler hens (Kwiecień and Winiarska-Mieczan, 2007) .
Feed yeasts
Feed yeasts are a source of necessary amino acids and vitamins from group B for animals, thus they have a positive effect on the physiological and immune processes in the body (Sacakli et al., 2013) . Live yeast cells show a probiotic effect since they produce, among other things, glucan and mannan oligosaccharides (Zhou et al., 2011) ; the stimulating effect of probiotics on bone mineralisation was proved (Suzuki and Hara, 2004; Scholz-Ahrens et al., 2007; de Sousa et al., 2011) . In addition, it was found that the use of Saccharomyces cerevisiae in the feeding of poultry increases the availability of Ca and P from the feed as a result of high content of vitamins from group B, trace elements and oligosaccharides (Akhavan-Salamat et al., 2011) . Based on this information it could be expected that yeasts used in the feeding of broilers would have a positive effect on the content of minerals in bones. However, the few available results of studies did not show any significant effect of feed yeasts on the content of Ca in the bones of poultry (Table 1) . summary Numerous studies point to the necessity of using feed additives which stimulate the assimilability of minerals in poultry. Using these additives improves the mineralisation of bones, which is particularly important when the birds grow intensely and are very heavy. The deficit of calcium ions in bones negatively affects their structure and reduces strength. The analysis of available literature showed that currently numerous feed additives designed to improve the assimilability of calcium are being tested. Some additives without any doubt have a positive effect on the accumulation of this mineral in bone -these include vitamin D, probiotics, prebiotics and synbiotics. However, the results are not so clear-cut for some additives, for example, ascorbic acid. Also, based on the available results of studies, the beneficial effect of phytase on the assimilability of calcium in poultry cannot be clearly confirmed. The production of new generation microbiological phytases provides new options as a result of genetic modification of microorganisms; however, relevant studies are not advanced. In addition, it should be noted that some of the studied feed additives had no significant effect on the accumulation of calcium in the bones. Based on the collected information it can be stated that the largest advantages for poultry are offered by the use of probiotics, prebiotics and synbiotics. These additives, apart from the stimulating effect on the accumulation of calcium in the bones, are also healthy for the animal (Saminathan et al., 2011) . , 125: 73-81 . B r i n k E.J., B e y n e n A.C., D e k k e r P.R., v a n B e r e s t e i j n E.C., v a n d e r M e e r R. (1992) .
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